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ABSTRACT 



An exposure control circuit captures an X-ray genera- 
tor exposure time for a master exposure and replicates 
that time for subsequent exposures in a series. In one 
preferred circuit an read counter bank counts down 
clock pulses during the master exposure time, and then 
this count is held and is used by a write counter bank 
which counts up during subsequent exposures. A con- 
trol circuit controls loading an enabling functions of the 
read and write counters. For the subsequent exposures, 
an output relay circuit terminates the X-ray generator 
exposure when the write counter bank reaches a prede- 
termined count. This arrangement is used favorably 
with digital subtractive angiography (DSA). 

7 Claims, 5 Drawing Sheets 
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ogist selects current (ma) and voltage (KV) for the 

EXPOSURE CONTROL dRCUIT FOR X-RAY x-ray tube, based mostly on experience, and then shoots 

GENERATION ^ a scout image. The scout image is then evaluated in 

terms of its brightness and contrast. If the image is lack- 

BACKGROUND OF THE INVENTION 5 ing these in areas, the current and voltage are adjusted 

This invention is directed to exp)osure control for an another scout images is taken. When the current 

x-ray or similar radiographic system. The invention is voltage are optimized and the scout image indicates 

more particularly concerned with a circuit that is used good contrast, brightness, and density, the DSA exami- 

in conjunction with a phototimer or other automatic nation can proceed. 

control element for an x-ray system to capture the x-ray The fixed exposure methodology is cumbersome bc- 

generator exposure time and replicate that time on sub- cause one or usually more than one scout images are 

sequent exposures. required. This consumes time, and exposes the patients 

In many areas of radiography where a series of expo- to additional radiation they would not otherwise re- 

sures is needed, a phototimer or similar device is often ceive. 

used to control the exposure time of the x-ray genera- Thus, between the two conventional techniques, a 

tor. The time of exposure is baised on the accumulated phototimer methodology will generally lead to poorer 

dose received in the image producing element. The quality images than can be gained using a fixed exposure 

phototimer acts to terminate the radiation from the time technique, but the fixed time methodology is cum- 

x-ray generator typically after about 1 msec to 150 bersome and exposes the patient unnecessarily to addi- 

msec. The absorptivness or transparency of the sub- tional radiation, 
ject's body tissues are factors that can affect the length 

of the exposure time. That is, for a particular dose set- OBJECTS AND SUMMARY OF THE 

ting, a thicker body part will have a longer exposure INVENTION 

time than a thinner body part, and bone has a longer ^ object of this invention to provide a technique 

exposure time than soft ttssues. _ ^ . , ^ " for obtaining a series of x-ray exposures of consistent 

Phototimed exposure IS employed m digital subtrac- ^^^^ ^j, ^mit digital subtractive angi- 

tive angiography (DSA) where a sequence of exposures ^y or a similar subtractive technique to be carried 

are acquired senaUy. Typica^ acquisition rates can be ^j^^ ^^jj^^^j ^^^^^ 

one to two frames per second, with the sequence con- ,^ ^^^j^^ ^^^^ ^^^^^^^ ^ 

taimng from ten to forty exposures. . ^ ^ ^ . exposure technique which incorporates the 

Higher quality images can be acquired if the density "'^"F»^ cA^^u^mc ic*.um4uc wiuw* i«wwipuidi» luc 

of each image is kept constant over an entire sequence advantages of automatic phototimer exposure control. 

Variation of exposure time from frame to frame, which bu avoids its drawbacks. 

occurs in phototimed DSA. can lead to reduced image ^ ^"^^^^ °^Jf ^ ^° provide simple, reliable cir- 

aualitv 35 ^^^^^V accompusn an automatic exposure control 

In DSA; an opacifying agent or contrast agent (typi- methodology which obtains the convenience of photo- 

cally a compound of iodine) which is a strong absorber exposure control and the image quality of the 

of X-rays is injected into the patient, and the sequence ^^^^ exposure technique. 

of X-ray images is acquired as the contrast agent ^ s^'" ^"^^^r object to provide a methodology 
courses through the subject's blood vessels. The con- 40 which mmmiizes the radiation dosage required to obtain 
trast agent attentuates X-rays to a larger extent than the » high quality series of images suitable for DSA. 
surrounding tissues, and permits the blood vessels to be Accordmg to an aspect of this invention, the auto- 
distinguished. In DSA, the first few images are acquired "^a^c exposure control circuit is used in conjunction 
without contrast agent in the vessel. Then the amount ^ phototimer circuit that is incorporated into a 
of contrast agent builds up, making the vessel more and 45 fluoroscope imaging system. For the initial exposure of 
more opaque. After maximum opacity, the amount of ^ series of x-ray exposures, or for some selected N expo- 
contrast agent subsides. The first few images, where sures, the phototimer controls the actual exposure time 
there is no or little contrast agent present, serve as mask of the x-ray generator. A pulse-width-modulated 
images, and can be subtracted from subsequent images (PWM) signal from the x-ray generator control circuit 
to subtract out any tissues other than the vessels, i.e., 50 represents the exposure time and is fed through an op- 
bone and muscle. As the contrast agent enters the ves- toisolator to a control circuit within the automatic ex- 
sel, it causes the vessel to absorb more and more radia- posure circuit. Prior to the exposure, a preparatory 
tion making the vessel more opaque, but also lengthen- signal resets this circuit The control signal circuit ena- 
ing the exposure time in the case of phototimed expo- hies a bank of read counters, which "read in" the input 
sures. As a result, the length of the exposure is different 55 pulse signal by counting down clock pulses. The read 
from one image to another. Because exposure time is counters are set to "FFFF* by a preset one-shot circuit 
different, image density is different in the non-contrast prior to the commencement of the exposure. The read 
areas (i.e., surrounding tissues). Thus when the images counter bank counu down until the exposure termi- 
are subtracted from one another, the resulting image is nates. When this occurs, the count accumulated on the 
of reduced quality. 60 read counter bank is transferred over a counter bus to 

Phototimed exposures may also yield inconsistent preset a second bank of counters, i.e., a write counter 

exposure times due to inherent tolerances and from the bank. At this time the read counter bank is disabled, and 

fact that they respond in direct proportion to the the accumulated count is held until the end of the series 

amount of light that reaches them. of exposures. This count represents the exposure time of 

In the case that a phototimer or similar device is not 65 a selected master x-ray exposure, 

used, a fixed exposure technique can be used, where the , Upon the leading edge of the next PWM input pulse 

technologist sets a predetermined fixed time on the signal, the write counter bank counts up from the preset 

console. With the fixed exposure technique the technol- count until the counter bank reaches "FFFF". This 
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duplicates the time of the master exposure. A series of control circuit 30 captures the duration of a predeter- 

output gates and drives then fires a relay circuit (e.g. a mined exposure in a sequence thereof and repeats that 

high speed reed switch) which terminates the exposure for the remaining exposure in the sequence, 

of the x-ray generator. The relay overrides the photo- As shown schematically in broken lines in FIG. 1, the 

timer for the exposure termination function. For the rest 5 automatic exposure control circuit 30 has a clock circuit 

of the exposures, the write counters are preset and act to 32 generating clock pulses, here emitting clock pulses at 

count up from the preset count to "FFFF" so as to a rate of about 250 JCHz. A read counter bank 34 and a 

duplicate the master exposure time. write counter bank 36 arc each coupled to the read 

With this arrangement, exposure times from 1 msec to clock circuit to count the clock pulses beginning with 

150 msec can.be captured and replicated, to a resolution 10 the commencement of an exposure. A data bus 38 cou- 

of within about 0.1 msec. The automatic exposure con- pied to count outputs of the counter bank 34 transfers 

trol function can have a repetition rate from about 6 fps the contents thereof to inputs of the write counter bank 

down to one frame each several seconds. 3^ 

An exposure counter permits any of the first N expo- ^ control circuit 40 receives the PWM exposure time 

sures, as selected by the technologist, to be used as the 15 sjg^al from the x-ray generator 16 and controls the 

master exposure from which all subsequent exposures in counting cycles of the counter banks 34 and 36, 

the scries arc timed. An expostirc counter circuit 42 counts leading edges 

This circuit employs commonly available digital cir- exposure time signal to identify a selected expo- 

cmt elements, which permits case of fabncation and number N, the duration which is to be used as a 

high repeatability of results. However, an equivalent 20 master time that is to be repeated for subsequent expo- 

hncar circmt could be constructed followmg the prmcj- j,ere. a preset circuit 44 is selectable 

pics of this mvcntion. m which, e.g. a capacitor is ^y^^^^ ^j^^ ^^^^ exposure number to actuate the 

charged at a fixed rate to a voltage that represents expo- automatic time control circuit 30 when that number of 

^ exposures is reached. 

The above and many other objects, features and 25 . ^^^^ ^ ^^^^ ^^^^^^ 

advantages of this invention will become apparent from ^ ^^^^^^ ^^^^^^^ 3^ 

the ensumg descnption of a preferred embodiment, to _ , ^^^^ - „ trcro in,o« 

be read in -conjunction with the accompanying Draw- ^^f predetermined count, e.g. FFFF. Then 

nc rcau ui vuijjui«.uwh w*iu ov^A^umpaiijriiifi ^^^^^ circuit 46 siguals to the X-ray generator con- 

trol circuit 16 to shut off the x-ray tube 18. 

BRIEF DESCRIPTION OF THE DRAWING At the commencement of a series of exposures the 

FIG. 1 is a schematic block diagram of the exposure ^'"V apparatus functions in a phototimer mode to ex- 

control circuit of one embodiment of this invention. pose the image mtensifier tube to achieve optimal image 

FIG. 2. which is composed of FIGS. 2A, 2B and 2C, ^^^^y- signal stops the counter 42 

is a more detailed circuit diagram of this embodiment. 35 ""^^'^ ^5^^^^^ exposure, e.g.. first, second, third, etc 

FIG. 3 is a graph showing generally the change in exposure is reached. At this pomt the r<^dcounter bank 

x-ray opacity over time for an iodine conuast medium ^» "^^'^^ hashctn preset to a count of FFFF, counts 

in the vasculature of a human subject. ^o^" ^^mg the clock pulses from the clock circuit 32 

until the exposure terminates. Once this occurs, the read 

DETAILED DESCRIFTION OF THE ^ counter bank 34 is disabled and its accumulated count is 

PREFERRED EMBODIMENT transferred from its count output terminals, over the 

With reference to the Drawing, and initially to FIG. 38» respective count input terminates of the 

1, a typical x-ray apparatus or equivalent radiography write counter bank 36. Upon the leadmg edge of the 

system 10 is shown with a human subject 12 lying on a next exposure time signal, the control circuit 40 enables 

table 14 or bench. An xray generator 16 controls the 45 the write counter bank 36, and the latter count the clock 

current and voltage supplied to an xray tube 18 or simi- Pulses from that count until a count of FFFF is accumu- 

lar device positioned beneath the table 14 to radiate la^cd. This duplicates the exposure time of the selected 

through the subject to a fluoroscopic image gathering master exposure that was read in to the read counter 

arrangement 20 that captures and stores a video image bank 34. At this point a high level is furnished to the 

of the subject. The x-ray generator 16 includes control 50 reUy circuit 46 which is then actuated and its output 

circuitry that controls the duration or on-time for the terminates the exposure of the x-ray generator, 

x-ray tube. 'Hiis circuit can be powered with standard twelve 

In this case the image gathering arrangement 20 is volts or five volts d& The input signals required from 

positioned above the subject 12 and includes an image the x-ray generator arc a PREP signal and an EXPO- 

intensifier tube 22 that forms an image based on the 55 SURE signal. 

radiation that penetrates the subject and reaches the Each exposure in the series subsequent to the selected 

tube 22. A video camera 24 captures the image formed or master exposure wfll have its duration timed by the 

on the image intensifier tube 20, and this image is digi- exposure conuol circuit 30 to be equal to the time of the 

tized and stored in a memory device (not shown). In a master exposure. 

light distributor 26 there is a phototimer circuit 28 60 The directions of counting, i.e., "up" and "down" for 

which accumulates light from the light distributor 26 the two counter banks 32, 36 are arbitrary, and the 

for each exposure. When the total amount of light counter banks could be arranged to count "down" or 

reaches some predetermined level, the phototimer cir- *'up,'* or the write counter bank could instead be sup- 

cuit 28 sends a signal to the generator 16 to shut off the plied with the complement of the count stored in the 

x-ray tube 18. The phototimer circuit 18 will produce an 65 read counter bank 34. in which case both counter banks 

image acceptable in contrast and density. could count up or down in the same sense. The impor- 

In order to keep the contrast and density at the same lant aspect of this circuit 30 is that the read counter 

level for a series of exposures, an automatic exposure bank 34 records the exposure time of the selected master 
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exposure, and the write counter bank 36 duplicates this tor switch. The preset 44 permits the technologist to 
exposure time for all subsequent exposures in the series. select exposure number one to eight as the master expo- 

The circuitry of this embodiment of the invention is sure. * 
shown in more detail in FIG. 2 (formed of FIGS. 2A. When the exposure counter 42 reaches the exposure 
26. and 2C). S- number of the master exposure, the output of the 

As shown in FIG. 2 a connector 50 which is coupled counter 80 gates a transistor 82 that in turn closes a 
to the xray generator control circuit 16 receives the relay 84. whose outputs are coupled through the cou- 
PREP signal and the EXPOSURE signal which are fed pier 50 to the phototiracr circuit This circuit 82,84 
through an optocoupler arrangement 52 to the exposure signals the phototimer circuit to turn itself off once the 
counter 42 and to various elements of the control circuit 10 master exposure pulse is captured. This ensures that the 
30. As also shown, a controlled voltage regulator 54 exposure time will be determined by the captured mas< 
provides a positive dc voltage + V to power the cir- ter exposure time, even if the phototimer exposure time 
cuitry. for a subsequent exposure would be less, for example for 

The clock circuit 32 mcludes a quartz oscillator S6 after the contrast fluid has dissipated, 
followed by a counter 58 arranged as a divider, the IS As shown in FIG, 3, in practice a contrast agent (here 
latter outputting pulses at a rate of 250 KHz. an iodine compound) gradually flows into the patient's 

The first, or read counter bank 34 is composed of four blood vessels in the target area, so there is a gradual 
counters 60,60,60,60 arranged in cascade, while the change in opacity of the subject for x-rays. Here, for an 
second, or write counter bank 36 is likewise composed injection of 4 ml, the opacity of the subject's vasculature 
of four cascade-coupled counters 62,62,62,62. 20 builds up to a maximum, occurring about seven seconds 

In the control circuit, a flip-flop 64 is input with the after injection. The iodine compoimd contrasts agent 
EXPOSURE signal and provides a square wave output remains present at peak opaciflcation for a time, and 
signal. The PREP signal is furnished from the optocou- then gradually flows out from the target area. The con- 
pier 52 to a retriggerable oneshot 66 which applies a trast agent is eliminated here in about sixteen seconds. 
LOAD signal to the read counters 60 to set each at a 25 The rates and degree of opacifaction can vary from one 
count of **F" (hex 15) and a clear signal to the write patient to another. 

counters 62. The output of this one-shot also clears the Relative opacity from one exposure to another effects 
flip-flop 64. the exposure time as governed by the phototimer cir- 

A second retriggerable one-shot 68, in response to the cuit, as it takes longer for the same degree of radiation 
output of the flip-flop 64, sends an ENABLE signal to 30 to penetrate a greater amount of the contrast material to 
each of the read counters 60, so that they may com- the image intensifier 22. Therefore, each exposure in the 
mence counting down the clock pulses from the clock series, using only the phototimer, would have a differ- 
circuit 32. At the trailing edge of the EXPOSURE ent respective exposure time. The images of the sur- 
signal, the flip-flop 64 changes state, which causes the rounding tissues, i.e., non vasculature bone or muscle 
one-shot 68 to disable the counters 60. Thus, the count 35 will vary in contrast and brightness or density from one 
stored in the counter bank 34 corresponds to the num- exposure to the next, surrounding tissues, i.e., non vas- 
ber of clock pulses that occur during the master expo- culature bone or muscle will vary in contrast and 
sure. brightness or density from one exposure to the next. 

A third retriggerable one-shot 70, actuated by the The above variance in exposure density can be 
one-shot 68, is operative to load the write counters 40 avoided with this invention, for example, by setting the 
62,62,62,62 with the count that is stored in the read exposure counter 42 and preset 44 to capture, e.g. the 
counters 60,60,60,60, and a fourth retriggerable one- fifth image. If we assume one frame per second, the 
shot 72 generates a PULSE EXTENSION signal to the master frame would have its exposure governed by the 
counters62of the second bank, and to the retriggerable opacification condition indicated at the dash line in 
70 in response to the EXPOSURE signal during the 45 FIG. 3. All subsequent exposures, i.e., image six and 
time that the one-shot 68 is disabling the read counters following, would have an identical exposure time, and 
60,60,60,60. The PULSE EXTENSION signal enables the only changes in contrast or density would be attrib- 
the write counter bank 36 to commence counting the uted to the subjects vasculature where the amount of 
clock pulses up from the preset count loaded from the contrast material is changing. 

read counter bank 34. This ensures that the duration of SO The acquired images have substantially identical con- 
all exposures is identical for the exposures subsequent to trast and brightness for the surrounding tissues, with 
the master exposure. only the contrast tissues, e.g. vasculature, varying in 

An output gate assembly 74 here is composed of density. These images can be combined digitally to 
AND gates coupled to the outputs of the write counters produce subtract! ve images of the highest quality. 
62,62,62,62 and this assembly fires a high level only 55 While this invention has been described in detail with 
when the counter bank 36 attains a predetermined reference to an illustrative embodiment, it should be 
count, here FFFF. This level actuates a transistor 76 understood that the invention is not limited to that em* 
which, in turn, powers a high speed reed<«witch type bodiment Rather, many modifications and variations 
relay 77. The latter then is operative to terminate the will present themselves to those skilled in the art with- 
exposure from the xray tube 18. 60 out departing from the scope and spirit of this invention 

The exposure counter 42 is here formed of a four-bit as defined in the appended claims, 
counter 78 that is fed with falling edges of the EXPO- What b claimed is: 

SURE signal from the optocoupler 52. The outputs of 1. An exposure control circuit for capturing an opti- 
the counter 78 are coupled to inputs of a binary decoder mal exposure time for a radiographic exposure in a 
80, whose outputs are coupled to the exposure preset 44, 65 series of radiographic exposures and repeating that time 
illustrated here as connector blocks each jumper-con- for subsequent radiographic exposures in the series, for 
nected to a respective terminal of the decoder 80. In a use in connection with a radiographic system in which 
practical realization, the preset oould be a rotary selec- a controlled radiation source generates radiation that 
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passes through a subject's tissues to expose an image 
gathering device, and in which a controller automati- 
cally commences the scries of exposures at spaced time 
intervals and phototimer means for automatically termi- 
nating the generation of radiation by said source for a 5 
given radiographic exposure in said series in response to 
the amount of radiation detected by the image gathering 
device for said given exposure; 
wherein said exposure control circuit comprises tim* 
ing signal generating means producing a timing 10 
signal at a predetermined rate; 
read accumulator means receiving said timing signal 
over the exposure time for said given exposure and 
accumulating a value corresponding to the expo- 
sure time of said given exposure including means IS 
for storing the value accumulated by said read 
accumulator means for a selected one of said series 
of exposures; 

write accumulator means for accumulating said tim- 
ing signal for each of said subsequent exposures 20 
beginning with the commencement of each of said 
exposures, and comparing the value accumulated 
therein with said stored value; 

and output circuit means having an input coupled to 
an output of said write accumulator means and 25 
having an output coupled to the controller of said 
radiographic system for terminating each of said 
subsequent exposures upon said write accumulator 
attaining the accumulated value corresponding to 
said stored value. 30 

2. The exposure control circuit of claim 1 wherein 
said timing signal generating means includes a clock 
pulse generator producing clock pulses at a predeter- 
mined rate. 

3. The exposure control circuit of claim 2 wherein 35 
said read accumulator means includes a first counter 
bank operative to count said clock pulses and means to 
preset the counter bank at the commencement of a 
given exposure in said series, and means enabling the 
first counter bank to begin counting at the commence- 40 
ment of said given exposure. 

4. The exposure control circuit of claim 3 wherein 
said write accumulator means includes a second counter 
bank coupled to said timing signal generating means to 
commence counting said clock pulse at the commence- AS 
ment of each of said subsequent exposures in said series, 
and means loading the second counter bank with the 
accumulated count in said first counter bank prior to 
counting of the clock pulses in the second counter bank. 

5. The exposure control circuit of claim 4, further 50 
comprising control circuit means coupled to an output 
of said radiographic system controller and having a 
plurality of retriggerable one-shots, a first one of which 

is triggered at the beginning of each series of exposures 
to load said first counter bank and clear said second 55 
counter bank; a second of which is triggered at the 
occurrence of said selected exposure to disable the fu-st 
counter bank; and a third of which is triggered by the 
second retriggerable one-shot to load the count of said 
first counter bank into said second counter bank. 60 

6. The exposure control circuit , of claim 5, further 
comprising exposure counter means including an expo- 
sure counter having a count input coupled to said radio- 
graphic system controller to count occurrences of the 
exposures in said series, and having an accumulated 65 
count output; preset means for selecting a given number 
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N of exposures at which to capture the exposure time; 
and decoder means coupled to said exposure counter 
and to said preset means to produce a capture signal 
upon the occurrence of said N exposures, said capture 
signal being fed to said second retriggerable oneshot. 

7. Exposure control circuit for capturing an optimal 
exposure time for a radiographic exposure in a series of 
exposures and repeating that time for subsequent radio- 
graphic exposures in the scries, for use in connection 
with a radiographic system in which a controlled radia- 
tion source generates radiation that passes through a 
subject's tissues to expose an image gathering device, 
and in which a controller automatically conducts the 
series of exposures at spaced time intervals and photo- 
timer means automatically terminates the generation of 
radiation by said source for a given radiographic expo- 
sure in said series in response to the amount of radiation 
detected by the image gathering device for said given 
exposure; 

wherein said exposure control circuit comprises a 
clock circuit generating clock pulses at a predeter- 
mined rate; 

a read counter bank operative to count said clock 
pulses during a radiographic exposure and having a 
clock input, at least one control mput, and a plural- 
ity of count inputs; 
a write counter bank operative to count said clock 
pulses beginning with the commencement of each 
of said subsequent exposures, and having a clock 
input, at least one control input, and an output 
generating an output signal when said write 
counter bank reaches a predetermined count, and a 
plurality of count inputs; 
data path means for transferring the accumulated 
count for the count outputs of -the read counter 
bank to the count inputs of the write counter bank; 
output relay means having an input coupled to the 
write counter bank output and an output coupled 
to said radiographic system controller to control 
the length of exposure time for said subsequent 
exposures; 

control circuit means having an input coupled to said 
radiographic system controller and control outputs 
coimected to the control inputs of said read 
counter bank and said write counter bank for selec- 
tively enabling and disabling the read counter 
bank, resetting the read counter bank, and loading 
the count of said read counter bank into said write 
counter bank; 
and exposure counter means presetable for a given 
exposure number N in said series and including an 
input coupled to said radiographic system control- 
ler and an output coupled to said control circuit 
' means to provide an exposure control signal 
thereto upon occurrence of the Nth exposure of 
said series, said control circuit means then being 
operative to hold the count of said read counter 
bank and transfer the count accumulated thereon 
to said write counter bank and to enable said write 
counter bank to count said clock pulses beginning 
with the commencement of each said subsequent 
exposure so that all of said subsequent exposures 
are of a time duration governed by said accumu- 
lated count. 



03/11/2004, EAST Version: 1.4.1 



